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BECTIOU 1

INTRODUCTION

This report Is the final T'r-aniclc Documentary Report of Contract AF30(680)-3908, Task

551902 and Projeeo, No, 5519.

The purpose of the program was to develop accelerated testing techniques for high relia-

bility parts and to define long-torm degradation mechanisms for these parts. The parts

which were teated during the program are shown in Table 1-1 with the internal GE high

reliability designation, the closest commercial designation, and the manufacturer.

Table 1-1. Description of Partn Tested

CLOS C EST XOMER(ZAL
R NUMBER DESCRIPTION. DESIGNATION

Resistors
R,201e •I' Cr Metal FIlm, 1/8 Watt XLT, mc

R2048 Tin Oxide Film, 1/8 Watt NF60, Corning

Capacitors

R-2045 _..ed Glass DV-tectric ,VMFR Corning

Diodes

-2008 PS, Plo SWilm. Revulator -IN751A, 79-., CI)C
R2010 ?P1 Silicon, VHF IN261, CDC
R2011 P1 Silicon, Computer I"-4.1A, CDC

R2004 P1 NW, silioon, a Watt 2NI613 FSC
R2005 P1 PNP, Silicon, 2 Watt 2N4132 18C
R2026 P1 NPN, Silicon, 2 Watt 2N708 FSC

=2050 P1 NPN, 8S1icon, 4 Watt 2N4657 I5C
R4041 P1 PNP, 81i00n, 1 Watt 2N?. 13.C

The parts under study were originally purchased for a reliaility evaluation program during

Project Advent (Contract AF04(647)-476). the reliability test and evaluation portion of the
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project was 1i'rlttatted inA 1960 to determine xnd speify peocurewint methods, screaening

tec~hniquea, and test and eialtastion r,'o!7rsns which would provide asturaznce that the

hardware for the flyable satollites wvu~ _t Ow prcgron objeotive of a 3-yea" life tr. a

nunmaintaine'b1"o space er~vironment. Akqc,-Nrated step-stress and consatnt stress tests

were perlotmod w electrnnic parts during the program to provide data and inforwmý*..%m

which would lead to the formulation ef de~sign-life data. and screeuning Osts. The test

program continued unt(I September, 1963 at which time tha parts on life testa had acOramulftt6'

6000 ~ ~ -to ; w"s az a appliwi iscresseas W_ virowimstal ioondition- L. "'he

parts were thcn placed at siorv.,- conditions of 250 Celsius and zero power for ten ro aand were

reactivated to tho :&me prior tei~t contiitionr for a 1 year period in June, 1964 as a ru~:

mein ~J contract AF3O!602)*-341.5. The step-stress teatst which were oown'r*1ard durling the

Advent Program provided da-a wbiceh wa6 analyzed during the initial period of the cotit

T!'e combiettion of the rwasuits of the atep-otrtiis tests and the ----*tint at:trea tests form'%dL

the basis for the determnination u.i the measurement techniques for covtrollabie accol.-ikitco

testing tuchnimq'!c recommlended as a result of the contract. The parto continued on Life

'rest during the peric.4 of June 65 to Dec 65 - the utartint! date for this one year contract

(A F,3CQ3O2)-3968,. The constant stress teftf sive accumulated 25, 000 to 30. 000 hours ai

test ti..ie and the step-stress to~s~a were completed during the previous contracti. The tealto

were ccritirwued f-- it one yes~r period to provido greater confidence in the teat technique and

to provide~ foi fuzshe- azaiys~s of degradLdo0n trends.

ihvl definition and ertablishment of accelerated testing meth--do axid techniqueis for electiroic

parts must be based inponc the actu- failure rnechantoima which exist In t-he pu-.. C~onsequently

0ýhi: provgiam, corsists of two distinct yf~t Intaf related inveotlga!I~Ig The first being the

arc!Ierated, test proirain above amd the' -.ec(-.dA is the defirdition of ths physical d~gYadat1.;

inechanism-rs which the parts. ethibit during the tests, ,,boratorv tfivestlpt!zaa were ciri-

ducted or, ui'-t-eit and on failsed parts duiring th13 co rues of Che propitm to tdetntify thA pirt

filure r'ne6, 4 nmns. In &MIuinrn, t epsrate- physics of failure fnvestiption was 'Waitutod

du~rir.g this oontract co inorganic dloaew'tric capeoitors,



The preoentatiorP of the accelerated teating concept, appr'a&, e. siults M? shown In

Sectlon 2. The ru1aW of the studcis of the capaottor faiti_. mecharAsnm avs shown in

Section 3 aW' the Rummary a~i Conclusions are prnted In Section 4. Appsidix A provldc I

a general description of the test adi analysi- activity. Volume 11 of this report contains the

data from the constant itress tests togethOr with charts of plztsmoter trrns.

NOTE

Z:viess• therwise Wicated, C Ii an abbrevia-
tion for Ceist.ad and not Centigrade.

1
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SECTION 2

DESCRIPTION OF DATA FORhMAT8

The data in Seotion 3 contains information on the constant stress )org ýLe tests performed

on reslstors, capo.cltors, transistors, and diodes. Each page Includes a gnaphic presento..

tion of the average trend of the tmrt. test data and a listing of aiy failures which occurred

during 1-49t.

-. •..aarts r..C.arl-', test . ;ý,,, h " La-.dmurm. average, and mizImum

readings takmn at ech test time for the varloaBs pat-mr..ers measured. Stress conditioas,

a:rn..=.,n,,t condlt~ca, •,--,d •• par ~errrx - are DOnOrd on each flaure. In

addition to ýhe accuma.ated test tHie, the tire at w#ich the J-rts we're pk:ced at storage

conditions of 45 CeIrstu and zero power for ten nrnth6 s shown

The part tyu •snder test Ls shown at the bott ,Lm of each page. j
All failures occurring during the test of each 1 rtr type are indica.ed by the time of failure
and frequency,

Additional 1nforma,,.tr. io available frc~m the ec- i-rp n~taq '-

HftMdirgs irn A-CetoinXg 0 r va!" (rd Tr Ini MR ~x iM; Qm i wl1th I e - urr. lboer!3

Cz The ~ .ra~dfig hvveter ttrke P;cor i;t r eva± ;e'.Umni~bor.

e. The hours a! which 'ht cb~ ~ a~~t -h-ýA Li-e0up e -!vrventay.g:

!. Th. nAtuw-tC grvsethz m tr,- t 'm _Z ro. t-~'go 4.~":: r
number,

r~unoe-

. l

• n



Itetms ai , d and f inciude a sujumrv'~- each time pericod which O*~te ou'ewagtý v<',

starc&rd c6evth-Wo, intA~mum v~fle, kind n mi-xmun mai!.c. Items h. i and i were not

includied mn pr,-vious c ompute-r prirtcý,ts and bave rdI~t, ihv.

a. Sums of deltas for each~ part at each t~ir- pirlud.

h The al,:soiute dtltaa for imeh ;=rt tat .eaCh Le PerIod.

c. The abfolvtt ratio -for ea,-h part at ea_'h time period.

L'he raw data hnie been trifrrd RAIX' for Im7%. ý.onm It the AF reltab.111ty ci.t'-u ~is tv
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